Abstract The experiment was designed to evaluate the effect of sheep manure (SM), its application timing (AT) and N fertilizer (urea) on dry matter partitioning and harvest index of maize crop. The study was conducted on RCBD split plots arrangement at Agronomic research farm during 2015. The Sheep manure (SM1= 3 t ha -1 , SM2= 4 t ha -1 , SM3=5 t ha -1 ) and application timing (AT1= 15 days before sowing, AT2= at sowing time) were allotted to main plots however, fertilizer N (N1= 0 kg ha -1 , N2= 90 kg ha -1 , N3= 120 kg ha -1 ) were applied to sub-plots. Application of 5 t ha -1 of sheep manure at 15 days before sowing significantly enhanced pre tesseling (stem and leaves) and physiological maturity (stem, leaves, cobs and grains), dry matter partitioning and harvest index. Pre tassel and at physiological maturity dry matter accumulation were higher with application of 120 kg N ha -1 . However, application of 5 t sheep manure ha -1 at 15 days before sowing and 120 kg N ha -1 is recommended for higher dry matter accumulation of maize crop.
Introduction
Maize (Zea mays L.) is the third most important crop in the world after wheat and rice. It is a tropical crop but can be grown profitably in subtropical and temperate climatic zones of the world during spring and summer season [1] . In Pakistan after wheat and rice, maize holds the central position and is extensively cultivated (1.11 million hectares) in Punjab and Khyber Pakhtunkhwa [2] . In Pakistan satisfactory potential yield has not been achieved due to several limitations. The poor soil organic matter and imbalance fertilizer application are the important limitations, which limits plants growth, carbohydrate production and dry matter accumulation [3, 4] . Dry matter production is basically a measure of plant photosynthetic efficiency [5] , which is influenced by balance nutrient availability [6] and environmental factors [7] . Leaves are the major source of dry matter production through photosynthesis and then accumulated into various plant parts through different physiological processes [5] . The dry matter production in cereals is highly depended on plant photosynthetic efficiency and the sink capacity to accumulate the photosynthates from the leaf [8] . The balance nutrient provision increase the dry matter production into various plant parts through its impact on more leaf area production and high photosynthetic rates [9] . The dry matter production highly influenced the plant biomass production and grain yield of the crop [10, 11] . Nitrogen is very important for crop plants especially for cereals. Uptake of nitrogen by plant roots occurs in the form of ammonium (NH 4+ ) and NO 3- which becomes available through mineralization and nitrification respectively [12] . Nitrogen fertilizer enhances the vegetative growth, maize biomass and dry matter production [13] , which ultimately resulted in higher crop productivity [14] . Nitrogen is very important for optimum plant return in term of dry matter and crop yield, but it had also adverse effects on soil fertility, environment and because of its high cost it increase the cost benefit ratio of crop [15] . (Figure 1 ) reveals that increasing sheep manure rates from 3 to 4 t ha -1 , stem dry matter production was not significantly affected with enhancing N levels, from 0 and 90 kg ha -1 , however it increased significantly with 120 kg N ha -1 , but with application of 5 t SM ha -1 it increased linearly across all the three levels of N. The SM x N interaction ( Figure 2 ) indicated that in plots having 3 and 4 t SM ha -1 , the leaf dry matter production increased slightly with nitrogen rates from 0 and 90 kg ha -1 , however leaf dry matter greatly decreased with 5 t SM ha -1 , and was further increased with increasing N from 90 to 120 kg ha -1 . The relative increase in leaf dry matter was highly pronounced in 5 t SM ha -1 treated plots. SM x N interaction ( Figure 3 ) reveals a mild increase in TDM from 3 and 4 t SM ha -1 with increasing N levels from 0 to 90 kg ha -1 resulted in nonsignificant differences. In 5 t ha -1 sheep manure treated plots TDM accumulation first decrease with nitrogen levels from 0 to 90 kg ha -1 , whereas more increase in N enhanced total dry matter accumulation in maize. Highest dry matter at pre tasselling with combined application of SM and urea fertilizer could be related to the balanced nutrients provision, improved soil physical and chemical properties, and higher N that might have improved plant metabolism, photosynthetic efficiency, leaf expansion and plant growth and might have increased the dry matter production [6, 29] observed maximum DM accumulation from combined use of manure and synthetic fertilizer which was in conformity to our finding. The maximum dry matter production by leaves compared to stem was in negation with the finding of [30] who observed maximum dry matter accumulation in stem compared to leaves after 8 weeks of sowing the crop. Dry matter accumulated in leaves up to leaf area index of 5, thereafter further increases in dry matter translocated in to stem [7] . Perusal of the data (Table 2) showed that dry matter (DM) assimilation at physiological maturity stages into different plant components (stem, leaf, cob, grains) was significantly affected by sheep manure, its application timing, nitrogen levels, and M x N interaction, while the remaining interactions except AT x M for grains and total dry matter was found non-significant. Regarding remaining plant (husk and tassel) parts only dry matter accumulation in husk was significantly affected by N levels, while dry matter partitioning to shank, silk and tassel was found nonsignificant at all levels of sheep manure, its application time and nitrogen rates. ) at physiological maturity was accumulated in plots receiving 120 kg N ha -1 , which was followed by 90 kg N ha -1 (11.7 g plant -1 ), while lowest (9.9 g plant -1 ) was observed from control. Maximum stem, leaves, cobs, grains, husk and total dry matter accumulation with higher rates of nitrogen might have the fact of its influence on vegetative growth of the plant, photosynthesis. These results are in accordance with the finding of [34, 35] , who observed maximum dry matter production with increasing levels of inorganic fertilizer. The data in Figure 4 (SM x N) showed no significant increase in stem dry matter accumulation with increasing N from 0 to 120 kg N ha -1 , at 3 t SM ha -1 . With changing N from 0 to 90 kg ha -1 , plots having 4 t SM ha -1 showed non-significant effect on dry matter accumulation, but higher sheep manure showed a marked increase with increase in N to 120 kg ha -1 . A strong increase was shown by 4 t ha -1 sheep manure with increasing N up to 120 over 5 tons SM ha -1 . From SM x N interaction ( Figure 5 ) it is evident that with increase in N from 0 to 120 kg ha -1 , No apparent differences for leaf dry matter accumulation in plots having 5 t SM ha -1 were observed. However, with 3 and 4 t SM ha -1 the response was opposite, mean with increase in N increase in leaf dry matter was observed up to 90 kg N ha -1 , and with further increased the leaf dry matter accumulation was decreased. The interaction SM x N ( Figure 6 ) showed that nitrogen increase from 0 to 90 kg ha -1 dry matter accumulation in cob increased across all the three levels of sheep manure, however with 3 t ha -1 sheep manure the increase was highest, and slighter with other two levels of sheep manure. The AT x M interaction ( Figure 7 ) demonstrated that increasing SM incorporation from 3 to 4 t ha -1 no differences for grains dry matter partitioning were observed with its incorporation in plots at the time of sowing compared to increased grain DM when SM was applied 15 days before sowing. The further increasing sheep manure to 5 t ha -1 non significantly differences for grains dry matter were observed whether it was used at the time of sowing or before sowing. The SM x N interaction ( Figure 8 ) illustrated a linear increase in grains dry matter accumulation in 4 t ha -1 sheep manure treatment from 0 through 90 to 120 kg N ha -1 . While in plots received 3 t ha -1 grains dry matter increased but slightly decreased in 5 t ha -1 at nitrogen levels of 0 and 90 kg ha -1 , beyond 90 kg ha -1 increase in N to 120 kg ha -1 it significantly enhanced in 5 t ha -1 sheep manure but remain constant in 3 t ha -1 . The AT x SM interaction ( Figure 9 ) clearly pointed out that sheep manure application 15 days before planting had significantly increased total dry matter production across all the three sheep manure levels, however the increase with 5 t ha -1 sheep manure was higher than both 3 and 4 t SM ha -1 . Likewise sheep manure incorporation at the sowing time highly enhanced total dry matter accumulation of plants in 5 t SM ha -1 over sheep manure levels of 3 and 4 t ha -1 . The SM x N interaction ( Figure 10 ) revealed that total dry matter accumulation increased with N incorporation from 0 to 120 kg ha -1 across 4 and 5 t SM ha -1 , however this increase was small from 0 to 90 kg ha -1 , and from onward this point the increase was higher. In case of 3 t ha -1 sheep manure total dry matter increased with N application from 0 to 90, and with no differences thereafter up to 120 kg N ha -1 . Higher dry matter production with combined use of sheep manure and urea fertilizer might be due to more leaf area and LAI by these plants, optimum LAI is an indication of better photosynthesis and more assimilates production Data analysis showed that (Table 3) harvest index was significantly affected by SM, nitrogen levels, AT x SM and SM x N interaction, while application time of SM, and the interactions AT x N and M x AT x N were found non-significant for Harvest index. SM applied at the rate of 5 t ha (Figure 11 ) indicated that harvest index was greater in plots having low SM (3 t SM ha -1 ) when applied before sowing, however, it was greater in plots having greater SM (5 t SM ha -1 ) when soil incorporated at the time of sowing. The SM x N interaction ( Figure 12 ) revealed that increasing N from 0 to 120 kg ha -1 had significantly increased harvest index (%) in plots having 3 t SM ha -1 . However, no significant increases in harvest index were observed with increasing N in plots having higher SM incorporation (4 to 5 t ha -1 ). Higher harvest index recorded from SM application prior to planting, might be due to more nutrient uptake and higher dry matter portioning toward grain. 
